Background: Finding of Mycobacterium leprae from water of leprosy endemic areas were reported. East Java Province is ranked number eight as the endemic area of leprosy in Indonesia and Lamongan district is the local area with the highest new cases reported. To study the transmission of Mycobacterium leprae infection in endemic areas, it is important to detect the distribution of Mycobacterium leprae in the environment and population, also to analyze the genetic variation pattern.
Introduction
Leprosy in Indonesia has been overcomed based on World Health Organization target, but the problem in Indonesia according to Ministry of Health is caused by the presence of some provinces with secluded endemic pocket area of high prevalence of leprosy especially in east part of Indonesia. Mycobacterium leprae (M. leprae) is an obligate intracellular organism (can only live in the cell of other organism), thus the management of leprosy using multidrug therapy (MDT) regiment should break the chain of infection, but new incidence of leprosy is still happened in those pocket areas [1] .
East Java Province is ranked number eight as the endemic area of leprosy in Indonesia and Lamongan district is the local area with the highest new cases reported, and this number remains stable in five years period. From the endemic areas of leprosy in Lamongan, a study was done in the Brondong community health center (pusat kesehatan masyarakat: puskesmas) with the highest prevalence of 8/10,000 populations Leprosy infection is commonly caused by direct contact of human source of infection (multibacillary type) or indirectly through the environment [2] . Epidemiological studies showed the presence of infected individuals without any clear source of infection, which can be explained by indirect infection [3] . Started from the finding of M. leprae in animals such as monkey, armadillo and rat [4] , a lot of studies have been done to find non-human transmission of infection (from environment). Kazda [5] reported the finding of M. leprae from soil and water of leprosy endemic areas in Bombay, India. Based on Kazda's finding, Matsuoka [6] and Izumi [7] performed studies about detection of M. leprae from water sample in endemic areas in India, Sweden, also in North Maluku and Sulawesi (Indonesia). To study the transmission of M. leprae infection in endemic areas, it is important to detect the distribution of M. leprae in the environment and population, also to analyze the genetic variation pattern.
M. leprae is pathogenic bacteria which cannot be cultured in vitro, so the identification of M. leprae in the environment is usually performed using molecular methods.
Detection is conducted by amplification of M. leprae DNA using primers that encode M. leprae-specific repetitive element (RLEP). This primer set was designed by Yoon [8] and demonstrated to be sensitive to detect the DNA of M. leprae until 100 ag (10 −16 
Methods

Sample collection
The study was conducted at the two areas in the village of Sedayu Lawas and Brengkok which have the highest leprosy prevalence in the covered areas of Brondong community health center (puskesmas). Samples are divided into three groups, (1) water sources near the water sources of the areas, (2) nasal swab from household contacts and (3) specimen of skin smears from active leprosy patients in the areas. Samples were kept in cold temperature (-20 ∘ C) until the DNA extraction process.
Sample baseline characteristics
A total of 91 samples were collected during the study. 
DNA extraction from samples
Water samples were taken from natural water sources (ponds) around the village which are used for household activities. For extraction, 50 ml samples were centrifuged at 4000g for 10 minutes. Supernatants were discarded and pellets were resuspended with 1.5 ml PBST (Phosphate Buffered Saline Tris-EDTA) buffer then placed into 1.5 ml VMIC 2017 sterile tube and centrifuged again at 10,000g for 20 minutes at 4 ∘ C. Supernatants were discarded and pellets were resuspended with 0.25 ml lysis buffer from Dneasy QIAGEN DNA mini kit Cat No.69504 then placed into 1.5 ml sterile tube for DNA extraction using Qiagen kit.
Nasal swab specimens were taken from healthy persons of population near the natural water source including household contacts of patients. Nasal swabs were taken by using sterile cotton buds wetted with PBST. Specimens were placed in 1.5 ml sterile tubes containing 0.6 ml sterile distilled water and centrifuged at 10,000g for 20 minutes at 4 ∘ C for DNA extraction using Qiagen kit.
Skin smears were taken from Multi bacillary (MB) or Pauci bacillary (PB) leprosy patients who have not been release from treatment (RFT) and live in the area. Skin smears were taken according to standard procedure from acid fast bacilli test. Skin smears were put in PBS buffer and centrifuged at 10,000g for 20 minutes at 4 ∘ C for DNA extraction using Qiagen kit.
PCR for detection of M. leprae
Nested PCR was performed using two primers pairs located at the 18 kDa M. leprae antigen in RLEP3 repetitive element (X17153) region amplifying 260 bp DNA for external product (outer) and 99 bp for internal product (inner). PCR was done using G mixture from FailSafe PCR System (EPICENTRE, Madison, WI, USA) and 2720 Thermal Cycler from Applied Biosystem (AB). The sequence of primer LPF was 5'TATCGATGCAGGCGT-GAGTGT3' and LPR was 5'CTAACACGATACTGCTGCAC3'. Amplicon were then amplified again using PCR with primer LP3 (5'TGAGGTGTCGGCGTGGTC3') and LP4 (5'CAGAAATG-GTGCAAGGGA3') which are sensitive and specific for detection of M.leprae from environmental samples (water and soil). Amplicon end products were visualized using electrophoresis in 3% agarose HS gel (Cambrex Bioscience, Rockland, ME, USA) with TBE (Tris/Boric-acid/EDTA, pH 8.0) buffer at 100 Volt. 
PCR
Sample Preparation for Sequencing Analysis
Data Analysis
Collected data were processed and analyzed using SPSS and Statcal computer program.
Mean differences between amplification results of specific DNA for M. leprae in each sample group were tested using Fisher Exact Test.
Results
PCR Analysis and Results M. leprae DNA detection using nested primer LP1-4
PCR detection was performed in 91 samples (24 skin smears, 49 nasal swab with 24 swabs from patients and 25 swabs from household contacts, and 18 from water sources). We used nested PCR for the detection. The first PCR used LPF and LPR primers, while the second PCR used LP3 and LP4 primers. 
PCR detection of M. leprae from Skin Smears of Patients
PCR Detection of M. leprae from Nasal Swab of Patients and Household Contacts
In this study, the result of PCR from nasal swab samples were 49 samples, 24 were from patients and 25 from household contacts. PCR results of 49 nasal swab samples 
PCR detection of M. leprae from Water Sources
In this research, total samples from water sources of the areas are 18 samples. For This result is suggestive to hypothesis of non-human resources of leprosy bacilli [9, 13, 18] . According to Puhler [19] the capability of bacteria to survive in water is because of the interaction with other living organism in the water. 
Variation of TTC Nucleotide Repeats of M. leprae from Skin Smears of Leprosy Patients
According to variation of TTC nucleotide repeats of M. leprae from skin smears of leprosy patients (Figure 1 and 2 ), 2 strains of M. leprae with variation between 10-60 with the highest frequency of TTC 13 repeats was 1 isolate (20%), followed by TTC 18 repeats which found in 4 isolates (80%). 
Variation of TTC Nucleotide Repeats of M. leprae from Nasal Swabs of Leprosy Patients and Household Contacts
None of the samples from patients' nasal swabs showed positive results, whereas samples from household contacts showed 1 positive result out of 25 samples which has 28 copies ( Figure 3 ). This result showed the importance of nasal mucosa as port de 'exit and entry of these bacteria [21] .
Variation of TTC Nucleotide Repeats of M. leprae from Water Sources
Samples from water sources showed 3 positive results out of 18 samples (16.67%) which have 11 copies for all 3 samples. In this research, from water samples in endemic areas of leprosy, 1 strain of leprosy is found based on TTC nucleotide repeats which is TTC-11 in 3 ponds (Figure 4 ). Table 1 , there were variation and frequency of TTC repeats as seen in Table 2 below.
Discussion
Based on variation and frequency of TTC repeats of M. leprae from water sources as seen in 
Conclusion
This result showed that the strain from water is not matched with the strain from skin smears nor nasal swab of patients and household contacts. This is different from the report of Mudatsir [22] which showed matched strain from water and skin smear and nasal swab. Matsuoka [6] reported leprosy transmission through water contaminated by bacilli is likely to happen. According to Cree [2] , leprosy transmission can also happen through direct or indirect contacts such as environmental transmission.
The possibility of neighbor contacts or cluster of people who often gather together is still debated and could be also be one of the sources of leprosy transmission. In summary, these contradictive results should be analyzed further based on different environmental factors to reveal the role of environment in the transmission of leprosy. Further genotyping analysis of Mycobacterium leprae in the environment using another genotyping marker is needed to prove the intimate relationship of host-agentenvironment in the transmission of leprosy.
